















• Fibre optics distributed sensors
• Micro-Electro-Mechanical Sensors









Manufacturing, Electrical & Information Sectors
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Design Construction Operation




















• 1969 ‐ Peck’s Rankine Lecture
• Early 1990’s‐ Channel Tunnel,  Limehouse Link Projects
• 1994 ‐ Geotechnique Symposium in Print
• 1995 ‐ EC7  OM Clause
• 1996 ‐ ICE and HSE ‐ NATM publications
• 1999 ‐ CIRIA ‐ OM Report No 185 
• 2001 ‐ ICE Managing Geotechnical Risk
• 2003 ‐ CIRIA  C580 – Embedded retaining Walls.




1. Sufficent SI to establish general nature / properties of deposits.
2. AssessMost Probable andMost Unfavourable conditions. 
3. Establish Design based onMost probable.
4. SelectMonitoring parameters and calculate values.
5. Calculate values formost unfavourable conditions.
6. Select designmodification options.














































































































































































































































































































Quality of Jet Grouting





































– Fibre optics in 3 panels
– Inclinometers in 3 panels



























FrequencyFrequency shift from input [GHz]
Frequency shift relates 
















Water table lowered to  test if 
dwalls are waterproof
Take reading before 
dewatering and after.
2. Shaft excavation
Take readings at several 
excavation depths.
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• P15/P20 in compression
• P10 far away from well / 
measurements taken directly 
after lowering the water table
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outside inside
Initial stage
P15
P10
P20
Location of 
hoop cables
outside inside
During excavation
pump
P15
P10
P20
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Construction sequences
Model all stages of the construction and match the observed 
behaviour at each and every significant construction stage.
The construction sequence and geometry of the ‘as‐built’ works
The soil conditions and material properties determined from the 
model are realistic and compatible 
within the range of foreseeable parameters from the site 
investigation data 
compatible with empirical correlations for that soil type.
39
Limmo Peninsula Shaft
3 panels
Installation: Nov 2011
Baseline: Mar 2012
Monitoring: Mar – Nov 2012
Stepney Green
5 panels
Installation: Nov 2011‐ Feb 2012
Baseline: Mar 2012
Monitoring: Mar – Oct 2012
Pudding Mill Lane Portal
3 panels
Installation: Jan 2011‐ Mar 2011
Baseline: Jul 2011
Monitoring: Jan – Jun 2012
Paddington Station Main Box
2 panels
Installation: Oct 2012 – Jan 2013
Baseline: Feb 2013
Monitoring: May 2013 – Aug 2014 (estimated)
Liverpool Street Cross passage
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Outline objectives of research:
• Review clarity of monitoring data presentation;
• Linkage between construction progress, design and monitoring results; 
• Data interface for transfer of monitoring data;
Efficient interpretation of monitoring data
Industrial steering panel set up to offer guidance to study
• Use of laser scanning and photogrammetry (documentation and change monitoring);
• Improving monitoring viewer systems and use of dashboards; and
• Long term storage of monitoring data & collation of case studies.
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Other important issues
• National and corporate policies in providing an 
appropriate framework for use of the OM.
• Project organisation and culture to support to 
the OM. 
• Open communication approach to 
investigating and resolving unexpected events.
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OM and Performance based design
The purposes of the back analysis process is 
(a) to refine the designer’s understanding of the 
actual behaviour of the structure, and
(b) to reduce the level of uncertainty 
for this project as well as future projects. 
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44ご清聴ありがとうございました。
